Purpose Partial molar pregnancies are rare conceptions characterized by having 69 rather than 46 chromosomes, the additional chromosome complement usually occurring as a result of fertilization of the ovum by two sperm. Although assisted conception with intracytoplasmic sperm injection (ICSI) should prevent the development of a partial molar pregnancy, occasional cases have been described after assisted conception using ICSI. The objective of this study was to investigate the cause of partial molar pregnancy in a couple who had undertaken assisted conception with ICSI. Methods Fluorescent microsatellite genotyping of DNA from the couple and tissue from their partial molar pregnancy was performed in order to confirm diagnosis and investigate the origin of the additional chromosome set. Results Genotyping confirmed that the partial molar tissue was triploid with an additional chromosome complement from the father. Genotyping of additional loci proximal to the centromere demonstrated that the two paternal sets of chromosomes originated in a single sperm with a double complement of paternal DNA resulting from non-reduction at the second meiotic division. Conclusions This study confirms that partial molar pregnancy may occur after assisted conception with ICSI and that this occurs as a result of fertilization with a diploid sperm.
Introduction
Assisted conception using in vitro fertilization (IVF) was developed in the late 1970s [1] and is now widely used to overcome fallopian tube blockages and sperm defects of number, function and motility. In 2010 over 45,000 women received IVF treatment in the UK with IVF births comprising nearly 2% of the UK total [2] . In assisted conception with intra-cytoplasmic sperm injection (ICSI) a single sperm is introduced directly into the ovum in vitro and overcomes many potential issues with sperm motility. This technology has been in use for over 20 years and appears to have no significant adverse outcome issues [3] .
Partial molar pregnancies occur in approximately 1 in every 800 conceptions [4] and are characterized by a specific chromosomal defect in which there are 69 chromosomes, 46 of paternal origin, which typically occurs as a result of two individual sperm fertilizing a normal haploid ovum [5] [6] [7] . Molar pregnancies carry an appreciable risk of malignant change with approximately 10% of patients with complete and 1% of partial moles going on to require chemotherapy.
In vitro fertilization using ICSI should theoretically provide a protective effect against partial molar pregnancies by ensuring that only a single sperm fertilizes the ovum. However, cases of partial molar pregnancies occurring after ICSI have been reported [8, 9] . In these and other similar cases the patient has to cope with the failure of the pregnancy, the Capsule Triploid, partial molar pregnancies that develop after assisted conception using intracytoplasmic sperm injection result from the use of a diploid sperm, rather than failure of the fertilization process.
risk of malignant change and the concept that a procedure that involves the injection of a solitary sperm has lead to a condition that generally results from two sperm fertilizing the same ovum. We report a case of partial molar pregnancy occurring after ICSI that confirms the observation that partial molar pregnancy can occur after ICSI and that this may result from the inadvertent use of a diploid sperm.
Materials and methods
A previously fit 29 year old woman with no prior conceptions underwent IVF treatment with ICSI for male factor fertility issues and had two embryos transferred in an uncomplicated procedure. Ten days later she obtained a positive pregnancy test. The first 8 weeks of the conception were uneventful, with an early ultrasound indicative of twins. A few days later the patient experienced some PV bleeding and further investigations suggested an incomplete miscarriage and a uterine evacuation was performed. Histopathological examination revealed a partial molar pregnancy and in keeping with UK practice, the patient was registered with the UK Trophoblastic Tumour Screening and Treatment Centre based at Charing Cross Hospital in London for ongoing monitoring of human chorionic gonadotrophin (hCG) and histopathological confirmation. Post evacuation her hCG levels fell to normal within 4 weeks and no additional treatment was required.
Subsequent to this ICSI assisted pregnancy the patient has had a successful natural conception and a healthy baby with her new partner, whilst her previous partner has become a father via ICSI with his new partner.
Genetic analysis of the molar tissue
To examine the genetic origin of the molar tissue, fluorescent microsatellite genotyping was performed using DNA from the patient, her partner and the molar tissue. Parental DNA was extracted from blood samples using a Qiagen blood mini kit (Qiagen, Sussex, UK) while DNA was prepared from molar villi microdissected from formalin-fixed, paraffin-embedded sections as previously described [10] . Following PCR amplification of DNA from the parents, with a panel of 23 primers for short tandem repeats (STRs) on different chromosomes, PCR products were resolved by capillary electrophoresis using an ABI 3100 Genetic Analyser (Applied Biosystems, Warrington, UK) and genotypes determined using GeneMapper software (Applied Biosystems, Warrington, UK). DNA from the molar tissue was then amplified with informative microsatellite markers i.e. markers for which all alleles in the parents DNA were different and the paternal DNA sample was heterozygous. The genotype of the molar tissue was compared with that of the parents to identify the origin of chromosomes in the molar tissue.
In order to refine the origin of the parental contributions to the molar tissue, DNA from the patient and her partner were subsequently amplified with a second panel of STRs at loci proximal to the centromere of the 22 autosomes. DNA from the molar tissue was then amplified with primers for a further 11 loci for which the paternal DNA was heterozygous. The genotype of the molar tissue was determined as above.
Results

Histopathological review
Histopathological review at Charing Cross Hospital demonstrated the classical features of a partial molar pregnancy including hydropic chorionic villi with irregular scalloped outlines, focal trophoblastic hyperplasia, and trophoblastic inclusions.
Genetic analysis of molar tissue
For four of eight informative STRs used in the first panel, the placental tissue was shown to be trisomic with three alleles of equal dosage while four further markers showed allelic imbalance with one allele present at twice the dosage of the other, confirming triploidy [ Table 1 ]. For each of these markers the paternal contribution was present at a greater dosage than the maternal contribution consistent with a diandric triploid conceptus and confirming a diagnosis of partial hydatidiform mole. Finally the placental tissue was shown to have DNA from the X, but not the Y chromosome and was therefore female.
Centromeric markers, for which the paternal DNA sample was homozygous or where both parents shared the same genotype, were excluded from the analysis. For nine informative centromeric markers the molar genotype was consistent with a single allele from the patient and two contributions from the paternal DNA confirming a diandric triploid origin. For two loci the molar tissue was homozygous for an allele found in both parents. The paternal DNA was heterozygous for all eleven loci while the molar tissue was homozygous having only one of the two potential alleles from the father [ Table 2 ].
Discussion
Assisted conception techniques are widely used in many countries and in the UK it is estimated that their use leads to approximately 2% of all current successful pregnancies. The introduction of a single sperm into an ovum in vitro by ICSI is now a standard technique for overcoming difficulties with sperm motility or the presence of only small numbers of functional sperm.
Partial molar pregnancies are rare occurring in approximately 1 in 800 of conceptions and generally arise from two sperm concurrently entering and fertilizing the same ovum before the zona pellucida can form to prevent this process [5] [6] [7] . The ICSI procedure which places a single selected sperm into an ovum, would appear to be highly protective against the risk of having a partial mole and has been suggested as a procedure to avoid further molar pregnancies in women with two or more partial molar pregnancies [11] . Despite this, occasional cases of partial molar pregnancy have been described following assisted conception with ICSI and demonstrated to be triploid conceptions consistent with partial molar pregnancies [8, 9] .
While the major cause of triploidy following ICSI is non-extrusion of the second polar body in the ovum, it cannot account for partial molar pregnancies that are triploids with two paternal contributions to the genome. There have been concerns that partial mole after ICSI could have arisen due to an additional sperm being inserted. However, it has been hypothesized that triploidy could also occur as a result of fertilization by a diploid sperm [8, 9] arising either by non-reduction or endoreduplication of the sperm DNA [12, 13] . While partial molar pregnancies generally arise by fertilization of an ovum by two sperm, occasional cases resulting from natural conception, in which the most likely origin of diandric triploidy is a diploid sperm, have been described [7] . In addition diploid sperm, although rare, are more common in infertile males [12] .
In the case described here the histopathological diagnosis of partial molar pregnancy was confirmed by genetic analysis that demonstrated the molar DNA to be triploid with two paternal contributions to the genome. To further elucidate the origin of the additional paternal chromosome complement, a second panel of markers, located proximal to the centromeric regions of several autosomes, were used to genotype the parents and the molar tissue. In partial molar pregnancies that arise by dispermy, each of the sperm can potentially carry either of the two paternal alleles and the molar tissue is consequently equally likely to be homozygous or heterozygous for any marker for which the father is heterozygous. However, if the two paternal genomes arise from fertilization of an ovum by a diploid sperm, markers proximal to the centromere, that are unlikely to undergo recombination during meiosis, will be heterozygous if the chromosomes fail to divide during the first meiotic division or homozygous if the chromatids fail to divide during the second meiotic division. In the present case the molar tissue was female indicating failure of the first paternal meiotic division was unlikely. In addition, all paternally derived centromeric markers in the molar tissue were homozygous confirming the molar pregnancy had arisen following fertilization by a diploid sperm resulting from non-reduction at the second meiotic division. Diploid sperm occur at approximately 0.2 % in healthy men and a higher levels of 1-2% in men with fertility problems [12] and, despite a perceived competitive disadvantage, these sperm are able to fertilize both naturally in vivo and when used in ICSI. It appears that diploid sperm may be difficult to recognize during this procedure and visualization of the pronuclear stage unremarkable in this particular setting with only two pronuclei visible in cases of partial molar pregnancy arising from diploid sperm as opposed to the three that would be visible in a typical partial molar pregnancy resulting from two separate sperm [13] . Demonstration that the partial molar pregnancy in this case was the result of fertilization with a diploid sperm may help to reassure women who have suffered a partial molar pregnancy after ICSI that this is not due to medical error. While diploid sperm are more common in infertile males, the incidence is still only 1-2% [12] and should not significantly reduce the chance of success in subsequent ICSI cycles.
